This paper investigates long-run neutrality of money and inflation in Indonesia, with due consideration to the order of integration, exogeneity, and cointegration of the money stock-real output and the money stock-price, using annual time-series data. The Fisher-Seater methodology is used to do the task in this research. The empirical results indicate that evidence rejected the long-run neutrality of money (both defined as M1 and M2) with respect to real GDP, showing that it is inconsistent with the classical and neoclassical economics. However, the positive link between the money and price in long run holds for money defined as M1 rather than M2, which consistent with these theories. In particular, besides the positive effect to long-run inflation, monetary expansions have long-run positive effect on real output in the Indonesian economy. 
I. INTRODUCTION
The existing money neutrality and the positive correlation between money and price have been very well admitted in economic literature. In classical monetary theory, the change in money supply will affect the nominal variables, but will not affect the real variables because according to classical dichotomy, the power affecting real and nominal variables is different.
Nevertheless, it evokes a question that still becomes an interesting issue to economists, whether permanent money supply changes just affect nominal variables without affect the real variables, or whether the money is neutral. Long-run neutrality is considered as something given all this time, where it is just assumption used in economic theory or is a consideration in decision making process, even as a radical assumption. Thus for economist, this money neutrality still becomes a long debate.
According to Lucas (1995) money neutrality is described as situation where changes in money supply will just make changes in nominal variables such as price, nominal exchange rate, and nominal wage without making any changes in real variables such as output, consumption, investment, and employment opportunities, Hume (1752) . Furthermore, super neutrality of money is also used, that changes in money supply growth will not cause any changes in real variables in economic unless inflation occurred. Long-run money neutrality hypothesis is mostly based on classical, neoclassic model, or real business cycle theory. Those theories explained that money is neutral in economic and has no affect to real variables, as explained by Hume and Lucas. Literatures about long-run money neutrality have increased within some last decades.
Researches that focus on money neutrality collected many empiric evidences in term of money neutrality proposition; meanwhile some researches focus on testing the existing correlation between money and price in long-run. Some studies about money neutrality are done after the previous research by King and Watson (1992, 1997) and Fisher and Seater (1993) 
in United
States. Those kinds of researches then are continued by some experts from South and North America, Australia, Asia including South and South East Asia beside Europe and Africa. Those researches are done by Boschen and Otrok (1994) , Olekalns (1996) , Haug and Lucas (1997) , Serletis and Koustas (1998, 2001 ), Bae and Ratti (2000) , Shelley and Wallace (2003) , Noriega (2004) , Coe and Nason (2004) , Oi et al. (2004) , Bae et al. (2005) , Noriega and Soria (2005) , Noriega et al. (2005) , Wallace and Cabrera-Castellanos (2006) , Chen (2007) , and Puah et al. (2008) . Most of this researches adopted Fisher and Seater (1993) and also King and Watson (1992, 1997) where some of them did extension. In Asia, among others are Oi et al. (2004) on the case of Japan, Ran (2005) in Hong Kong, Chen (2007) in South Korea and Taiwan, and also Puah et al. for the case of 10 country members of South East Asian Central Banks (SEACEN) Research and Training Centre. Meanwhile the issue of the existing positive correlation between money and price were collected in the latest studies by Saatcioglu and Korap (2009) , Roffia and Zaghini (2007) , also Browne and Cronin (2007) . The result conform the conclusions from previous researchers such as Lucas (1980) , Dwyer and Hafer (1988), Friedman (1992) , Barro (1993) , McCandless and Weber (1995) , Rolnick and Weber (1997) , Dewald (1998) , Dwyer (1998) , Dwyer and Hafer (1999) .
The studies in some cases found supporting evidences about the existing money neutrality, but not the money super neutrality. On the long run correlation between money and price, empirical result generally gives the same conclusion about the existence of positive correlation between money and price; even there are some differences in terms of time-series characteristics from data obtained in some countries.
The paper will test the preposition of long-run money neutrality using either M1 or M2 towards real output and price in Indonesia. This research uses annual time series data. Research focusing on this issue is expected to enrich economic literature and studies and also becomes deep consideration for monetary policy maker. This paper is started with introduction that contains why the research in terms of longrun inflation and money neutrality test is very important for Indonesian. The second part of this paper discusses and reviews the previous research. The third part explains research method about Fisher-Seater methodology including its prerequisites test such as integration, exogeneity, and cointegration. The forth part provides the result of the research and explanation that will be ended by the fifth part as a conclusion and suggestion.
II. THEORY

Hume View and Classical Quantitative Theory
According to money quantitative theory, Hume emphasized the unit change of money stock and its irrelevance towards rational society»s behavior. He stated that money is meaningless; however money represents labor and commodity.
There are two Hume»s statements that formed a doctrine that a change in money supply stock will have an effect on proportional change towards all prices that reflected in a currency unit and has no effect on real variables like how many people work and how many products manufactured and consumed. Prediction from quantitative theory is that in the long-run the growth money supply is neutral towards the number production growth and influences the inflation proportionally. In a quantity equation from classical quantity theory,
Where the equation relates money quantity (M) towards nominal output (P x Y), meanwhile V shows the velocity of money. The quantity equation shows that the increase of money quantity reflects one of the three other variables, either price increase, output increase, or money velocity decrease, though this velocity tends to be stable all the time. When Central Bank changes money supply, it will cause a proportional change on nominal output (P x Y). Because money is neutral according to classical theory, money does not influence the real output, Y, but do change the price, P.
Neoclassical Model
Theoretical explanation in classical model below is mostly adopted from Barro (1997) .
This model is started with small opened economic model with four equations assuming the existence of perfect capital mobility assumption. There are four unknown parameters in real output model y, real interest rate r, real exchange rate ε, and price P. Equation (2) shows equilibrium for goods market in which its demand, E is the function from real income, real interest rate, and real exchange rate. Real exchange rate in this definition is:
where e is nominal exchange rate, P and P f are domestic and foreign price rate respectively.
The increase in ε represents the appreciation of domestic currency that decreases net real export and decreases real goods demand. Equation (3) shows equilibrium in money market. Real money demand L, is assumed as function of real income y, and real interest rate r. Variable β is an exogenous shock variable.
Money supply is Brunner-Meltzer model that consists of money multiplier m, and monetary base B. Money supply is assumed to be equal with the number of currency in C circulation, added with bank deposits D. By dividing nominal money supply with price P, it changes money supply into real term. It is assumed that money multiplier is:
where c is currency ratio towards deposit (C/D), r is minimum required reserve ratio, and e is desired excess reserve ratio. It is assumed that those three variables that determine the money multiplier are exogenous. 
Lucas Model
According to this model, economy is reflected by using aggregate supply based on Lucas and monetarist aggregate demand function. Money stock follows the process of autoregressive stated in equation (8). where y, m, and p are respectively the real output, money supply, and price in logarithm form.
Money supply follows the stationary process, ( ρ = 1) and ε m is the shock towards money supply. Equation (8) is structural equation so that only un-anticipated changes in money supply that influences output. Thus, permanent change in the money supply does not influence the output and this situation reflects long-run money neutrality.
If equation (8) is solved for the output, then distributional lag model can be derived for money supply as in the following equation:
Even though equation (8) shows long-run money neutrality, reduced-form provided in equation (9) shows that a permanent increase in single unit in supply stock will increase output by θ(1-ρ)/(1+θδ) unit.
The Previous Research
Some empirical evidences on money neutrality are study by McCandless and Weber (1995) In contrast, some other researchers found different evidences which are non-neutrality of money instead. Among others, Fisher and Seater (1993) shows that M2 is not neutral in US during 1968 √ 1975 , Shelley and Wallace (2003 ) during 1932 √ 2001 period in Mexico, and Ran (2005 who tested the long-run money neutrality on two exchange rate regimes in Hong Kong. Ran tested money neutrality based on Fisher and Seater model expansion (1993) and found that M1 is not neutral under floating exchange rate regime. With the same methodology, this empirical evidence was also found by Puah et al. (2008) that M1 is not neutral on the longrun in Indonesia during 1965 √ 2002. Long-run non-neutrality evidence for M1 was also found by Puah in Taiwan and Thailand respectively during 1951 √ 2002 and 1953 √ 2002 monetary non-neutrality evidence in Taiwan was supported by Chen (2007) study using quarterly M2 data referring the method of King and Watson (1997) .
Meanwhile the existing issue in terms of positive correlation between money and price was collected by, one of them, the latest study by Saatcioglu and Korap (2009) who tested money and price correlation validity based on the quantity theory of money in Turkey. The result shows that the empirical evidence supports the existing proportional relationship between money and price in Turkey»s economy. Other study carried out by Roffia and Zaghini (2007) who analyzed money growth towards inflation dynamic in 15 countries. Using 3 years horizon, they found the positive correlation between aggregate monetary and price in about 50% of the observed countries. Another study is Browne and Cronin (2007) who found an empirical evidence that supports the existing correlation between price (both commodity and consumer price) and money supply in the long-run in US. Empirical result from those latest researches accorded the conclusion by Lucas (1980) , Dwyer and Hafer (1988), Friedman (1992) , Barro (1993) , McCandless and Weber (1995) , Rolnick and Weber (1997) , Dewald (1998) , Dwyer (1998), Dwyer and Hafer (1999) , where the change of money supply has a tight correlation with the price rate .
III. METHODOLOGY
Variables and Data
On econometric analysis, we use annual data covering M1 is a narrow definition for money supply or money velocity. M1 includes fiat money and giral money. M2 is a wide definition for money supply that includes M1 added by near money, like savings deposit in commercial bank and time deposits. Thus fiat money added by giral money is M1, and M1 added by quasy money is M2.
Integrated Series and Exogeneity
Integrated series from variables included in Fisher-Seater methodology will determine an appropriate test form. In this case, the data series of money, output, and price determine the appropriate FS test form to test long-run neutrality of money and inflation.
FS model required that in long-run neutrality test, all variables are integrated in the same order, which is assumed as I(1). In FS application , it is assumed that money, output, and price are I(1). To test integrated of order from variables used, then this research conducted unit root test through Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP). ADF test is based on the following autoregressive process or AR (1): where µ and ρ are parameters, and ε t is assumed as white noise. y is stationary series if -1 < r < 1. Dickey-Fuller test (DF) and PP use root unit as null hypotheses, H 0 : ρ = 1 and H 1 : ρ < 1. The test was done by estimating equation (10) 
Cointegration Test
Cointegration test is carried out to prove the existing of long-run correlation among the estimated variables. Fisher and Seater (1993) argued that monetary neutrality would involve the existence of permanent change in money supply. In this definition, according to Engle and Granger (1987) , the real and nominal variables need I(1); however both of them are not cointegrated. Cointegration test in a multivariate system uses Johansen (1995) 
Fisher-Seater Methodology
FS methodology was firstly introduced by Fisher and Seater (1993) by using bivariate system to test long-run money neutrality, where money measurement is one of the variables.
Bivariate system used follows these two equations:
where, Fisher and Seater defined long-run derivative (LRD) as a marginal in z towards permanent change in x, which is written as follow:
where
3 See Fisher and Seater (1993) page 404. 4 Barlett Estimator is infinite limit of the slope coefficient.
where α(L) and γ(L) are function from coefficient of equation (17) and (18) 
Referring to Fisher and Seater, money will be neutral in the long-run ( when (m) = (y) = 1, long-run neutrality of money and inflation (LRN) can be tested and equation (21) would be:
The null hypothesis tests for long-run neutrality of money and inflation are β k respectively for y as output and price. If the result of estimation does not reject null hypothesis then the preposition of long-run neutrality of money and inflation are empirically supported. In result analysis, estimation value of β k is provided along with 95% confidence interval which is determined by standard error 5 and t-distribution where n/k is the degree of freedom for n = total of observation and k shows the time lag between y and m. Because this research use annual data, then if k = 1 it means data y and m are in two years difference, as well as k = 2, 3, and so on.
IV. RESULT AND ANALYSIS
Integrated Series and Exogeneity
The following Table 1 shows that money (m 1 and m 2 ), real output (y) , and price (p) are not stationary on level. By taking first difference, the count ADF and PP values are smaller than their critical values, which means money variables (M1 and M2), real output (GDP), and price in the estimated model are similarly integrated or I(1).
5 Standard Error used is standard error from coefficient obtained from OLS estimation by considering that the number of observation is not bigger than standard error of Newey-West estimation To test long-run neutrality of money using either M1 or M2 towards output (y) and price (p), then FS methodology implementation can be done if money variable (M1 and M2), y variable, and p variable are similarly integrated or I(1). Because M1 and M2 are I(1) then this research is just relevant for the long-run neutrality of money test, meanwhile, long-run super neutrality for either output or price is not appropriate to be tested.
In FS methodology implementation, it is assumed that M1 and M2 variables are exogenous.
Thus, this assumption has to be met before using FS methodology to test the long-run neutrality of money and inflation. The result of M1 and M2 exogeneity test through Granger causality test are based on estimation of equation (14) as reported in so that the conclusion is just the same that H 0 : δ j = 0 is accepted. Test with one lag where α = 5% that shows that H 0 is rejected or shows the existing exogeneity is the initial indicator that Μ2 is not neutral before being tested by using FS methodology.
Cointegration
The result of cointegration in Table 3 shows that nominal variable which is money and real variable are not cointegrated. Likewise that money (M1 and M2) and nominal variables (price) are not cointegrated. The left side of the table provides LR statistic value as the result of cointegration test of price and money variables (M1 and M2) with four lags.
According to Johansen (1995) with assumption that data series has linier trend but cointegration equation just has intercept, which is expressed: Variables are in ln m = total lag; n = total observation; z = total estimated parameters Numbers in parenthesis are p-value then Table 3 shows that M1 and output are not cointegrated, so the long-run neutrality test can apply the FS methodology. At the right top of the table, it is shown that M1 and price are not cointegrated, hence the positive long-run relationship test between the variables can be applied. On the test with two and four lags for r = 0, the result rejects the absence of cointegration between M2 and output. Likewise the test with four lags for r = 0 and r < 1, also reject the absence of cointegration between M2 and price. These are actually early indication that M2 is not neutral in long-run either towards output or price.
Long-Run Money Neutrality Test
The result of money neutrality test of M1 using FS methodology based on equation (22) is shown in Table 4 . With time difference varied from 2 years (k=1) until 16 years (k=15), the value of β k experiences an ongoing increase until 11 years even though decreased slightly for 10 years differences. For 12 years difference the bk decreased but again increased again until 16 years differences. Value of β k represents the response estimated from marginal output towards marginal M1 on the period k+1. The increase of β k is also followed by its standard error (SE k ) that lowers its p-value. β k with 95% confidence interval Table 4 shows that with α = 5%, money becomes no longer neutral in the long-run for more than 6 years difference. Using α = 10%, M1 is not neutral since 4 years difference. It proves that long-run money neutrality is not prevailed in Indonesia . In other words, the nominal money supply can influence the output in the long-run. Figure 2 plots the coefficient b against the time differences (k values) that accord to 95%
confidence interval for estimation using M1. The figure clearly shows that M1 is not neutral along with the increase of β k and smaller standard error .
By using FS methodology, we found that money is not neutral in the long-run in Indonesia.
With the same methodology, this empirical evidence is consistent to Puah et al. (2008) findings that M1 is not neutral in long-run in Indonesia during 1965 √ 2002. These findings are also the same with research done by Fisher and Seater (1993) that found long run money neutrality is also rejected in US.
The evidence that long-run money neutrality is not prevailed in Indonesia is also proved for M2. Table 5 shows that by using same time difference, 2 years to 16 years, the sign of coefficient β k change from negative to positive. On 5 years difference (k = 4), coefficient sign changes from negative to positive and increase until 12 years difference, then decrease.
Nevertheless, since 8 years difference, the coefficient β k is significant at α = 5%, showing that M2 is not neutral in long-run. is also not neutral at the significant level of α = 5% since 8 years difference (k = 7). Even it decreased in 11 years lag, β k coefficient is still significant on α = 5% until the lag used is 16 years.
Thus, either using M1 or M2, during the observation period, we have proved the empirical evidence that long-run money neutrality in Indonesia is not prevailed. The absence of money neutrality in Indonesia for either M1 or M2 variable shows this evidence is not consistent to money neutrality proposition based on neoclassical and real business cycle theory model and also monetary model from Lucas. Those theories express that money is neutral in economy that gives no influence to real variable, but just influence price rate.
Long-Run Inflation Test
This session provide the result test of positive long run correlation between M1 and price using FS methodology as provided earlier on equation (22), but this time with price as y variable. The result is shown in Table 6 . With varying the time difference for 2 years to 16 years, the value of β k is positive and significant at α = 5% with the average value of β k is 0.5455. This time, the value of β k represents estimated response from marginal price (in ln) towards marginal M1 (in ln) in k+1 period. Since 2 years difference, coefficient β k is already positive, which strongly supports the existing positive relationship between M1 and price. Table 6 shows that on α = 5%, money supply (with M1 variable) increases the price or inflation proportionally in the long-run. This means the nominal variable like M1 has an impact to other nominal variable, which is price that is consistent to proportion of classical quantitative theory, Lucas model, or even neoclassical model. Nevertheless, the evidence of the existing positive correlation between money and price are not supported by empirically when using M2 as money supply indicator. Table 7 shows that using same range of difference order (2 to 16 years), the bk coefficient sign changes from Again we have Figure 5 to plot the coefficient β against k values that accords to 95% confidence interval for long-run inflation estimation using M2. The figure shows that M2 does not support the positive long run correlation between money and price.
V. CONCLUSION
This paper provides empirical estimation using FS methodology and gives conclusion that long-run neutrality of money is not prevailed in Indonesian case. In addition, this paper also proves the positive correlation between money and price only when using the narrow definition of money (M1) and not for M2. 
